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Seismicity and Focal Mechanisms for the Southern Great Basin
of Nevada and California in 1991

ABSTRACT

For calendar year 1991, the southern Great Basin seismic network (SGBSN) recorded 980
earthquakes in the SGB, as compared to 1050 in 1990. Local magnitudes, M, ranged from
0.0 for several earthquakes in the southern Nevada Test Site to 4.1 for a strike-slip earthquake
in the Lower Pahranagat Lake SW quadrangle on March 10, 1991. No felt reports or damage
reports were filed with the National Earthquake Information Center (NEIC) for Southern Great
Basin (SGB) earthquakes of 1991, although public agencies were canvassed following three of
the largest of them. Within a 10-km radius of the site of a potential national, high-level nuclear-
waste repository near the center of Yucca Mountain, Nevada, no earthquakes were detected,
although three earthquakes, with duration magnitudes between 0.8 and 1.1, were recorded
in the Claim Canyon Cauldron segment south of Timber Mountain and 10+ km north of the
potential repository site. The estimated focal depths of these earthquakes are 3.6 km to 4.9 km
below sealevel. Other, smaller events also may have occurred in the immediate vicinity of Yucca
Mountain, but would have been below the network’s detection threshold (M s 0.0 at Yucca
Mountain). Twelve earthquakes were located in 1991 at Bare Mountain, Nevada, six of them on
or near a fault along the northwestern flank of Bare Mountain.

Focal mechanisms for 16 SGB earthquakes of 1991 with magnitudes in the range 0.8 < M <4.1
are predominantly strike slip. Normal slip occurred for an earthquake at Gold Mountain,
Nevada, and oblique dip slip strike slip is determined for earthquakes at Sarcobatus Flat,
Nevada; Pahranagat Shear Zone, Nevada; and Frenchman Flat, Nevada Test Site (NTS). One
small (M, 1.3) earthquake in the Amargosa Desert, California, displays subhorizontal nodal
planes for its focal mechanism solutions, indicating the possibility of a seismically active detach-
ment fault. The azimuth of the average tension axis for preferred focal mechanism solutions of
14 earthquakes of 1991 having My > 1.4 is North 57° West (data from smaller earthquakes were
not included in this statistic).

INTRODUCTION

The SGBSN has operated continuously since August 1978, with 54 vertical-component
stations deployed since mid-1981. Horizontal-component seismographs were added at selected
sites in 1984, and a vertical-component seismograph south of Boulder City, Nev., was added in
August 1988. Figure 1 shows seismograph station locations and some of the major physiographic
features of the southern Great Basin of Nevada and California. Appendix E tabulates seismo-
graph station information and station-site geology.

The primary purpose of the network is to monitor seismicity in the vicinity of Yucca
Mountain, Nevada, the potential site of a high-level, national nuclear-waste repository. The
network also provides information on seismotectonics within a ss160-km radial distance of Yucca
Mountain. Seismic signals from the network are continuously telemetered to the U.S. Geological
Survey (USGS) data processing center in Golden, Col., where preliminary hypocenters are
determined, along with research on focal mechanisms and faulting, on fluid-induced seismicity,
on seismic-wave attenuation, on velocity structure, and on other topics of importance to the
Yucca Mountain Project.

Operation of the seismic network is funded by an interagency agreement with the De-
partment of Energy, which provides quality-assurance guidelines for the collection, analysis,
interpretation, and reporting of Yucca Mountain Project data. The seismic network data are
collected as permanent records to support site characterization. Because seismicity data in
the SGB come from sources and crustal paths that are, at best, approximately known, the
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hypocenters and analyses that are presented in open-file format are necessarily preliminary. Any
“final” report of seismicity in the SGB should integrate information from all relevant sources,
whereas the open-file reports (OFR’s) of SGB seismicity periodically published by the USGS,
such as this one, are less comprehensive. OFR’s for previous years are listed in the References
Cited section. All hypocenters and focal mechanisms appearing in this and previous
SGB seismicity reports are preliminary.

Seismic station density will be increased, first in the vicinity of Yucca Mountain, Nevada,
and then in the surrounding region, during implementation of the seismic network upgrade, a
cooperative project among the USGS, the University of Nevada at Reno Seismology Lab, and the
U.S. Department of Energy. The upgrade will consist of three-component broadband seismome-
ters and digital satellite telemetry to a downlink center, probably at Golden, Col. and various
computer systems for data analysis, redistribution, and archiving. During fiscal year 1991,
progress was made on seismic station site selection and permitting, equipment purchasing and
installation, software development, and all other aspects of that project. Instrument deployment
and data acquisition from the upgrade network are scheduled to begin in fiscal year 1992.
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CALIBRATION OF INSTRUMENTS

All seismographic systems in the SGBSN are periodically calibrated as specified in the
quality-assurance document, YMP-USGS Seismic Procedure 11. Seismometers and related
equipment are inspected and calibrated annually, or as needed. Calibration results are deemed
acceptable when the amplitude response of a seismographic system lies within a +30% range of
a nominal (expected) response, in the frequency band 2 < f <10 Hz. In actual field calibrations,
systems are tested in the frequency band 0.1 < f < 20 Hz. In these calibrations, Teledyne-
Geotech! S13 systems (see Appendix E) generally display an amplitude response within 10%
of the nominal level at all measured frequencies, and Mark Products! L4C systems display
responses within 25% of their nominal levels for frequencies 1 < f < 10 Hz. For f < 2 Hz,
the true system magnifications are rarely required, because wavelet periods corresponding to
peak-amplitude S-waves observed on seismograms of local SGB earthquakes, which are scaled
to obtain My estimates, are almost always less than 0.5 seconds (frequency >2 Hz).

DATA ACQUISITION AND INTEGRATION INTO THE CATALOG

Hypocenter data for all SGB earthquakes occurring during calendar year 1991 for which
preliminary event locations could be determined are listed in Appendix A. SGB earthquake

1 Use of trade names is for descriptive purposes only and does not constitute endorsement by
the USGS.



epicenters for 1991 are displayed in figure 2. The southwestern part of the region (west of the
Panamint Range, Calif.) shown in figure 2 is more densely covered by the USGS/California
Institute of Technology seismic network at Pasadena, California, and any study of strain and
seismicity rates in the southwestern SGB would benefit by adding data from their catalog to

the SGBSN catalog. Other parts of the SGB shown in figure 1 are sparsely covered by SGBSN
stations, or are not covered at all. Several subregions of the SGB have been the targets of short-
duration local seismicity studies conducted by various laboratories; but, in general, their data
have not been added to the SGBSN catalog. The SGBSN also archives regional and teleseismic
data and regularly provides selected event seismograms to interested investigators.

Hypocenter information for chemical explosions and probable explosions that were located
by the SGBSN are listed in Appendix B, and corresponding epicenters are shown in Appendix B,
figure B1. Hypocenter information for announced nuclear device tests detonated during 1991 at
Nevada Test Site (NTS) are listed in Appendix C, and their epicenters are shown in figure C1.
Some epicenters of tectonic release from nuclear device detonations and associated cavity col-
lapses located in the Silent Canyon Caldera and Yucca Flat are denoted by “L” (low-frequency
event) in figures 2, 4, 5, and C1. Hypocenter information for located NTS low-frequency events
is listed in Appendix C, table C2. Focal mechanism solutions computed from SGBSN station
seismograms for 16 earthquakes of 1991 are shown in the figures of Appendix D. Appendix E
contains station information, and Appendix F contains information about hypocenter location
(HYPO71) input parameters, such as seismic velocities.

The seismogram data from which the earthquake hypocenters are determined (Appendix
A) were digitized by a Digital Products PDP 11/34' computer, dedicated to seismic event
detection. The time-domain event-detection algorithm is that of Johnson (1979). Data are also
recorded on 16-millimeter Develocorder films, which serve as a backup to the computer detection
system. Events whose arrival-time data are read from Develocorder records are labeled “A” in
the third character of the three-letter “quality field” of each hypocenter record of Appendix
A. Measurements made from CRT-displayed digital seismograms are generally more reliable
than those scaled from films, with impulsive P- and S-arrivals being determined to an accuracy
better than 0.02 to 0.04 sec (digitizing rate=104.167 sps/channel), versus 0.10 sec for most P-
arrivals read from Develocorder film (S-arrivals scaled from film are much more uncertain than
corresponding P-arrivals). Hypocenters derived from computer-recorded events are labeled “I”
in the quality field. The PDP seismic computer downtime averaged about 7 percent per month
during 1991, principally due to hardware problems and to magnetic tapes filling.

Seismograms from all SGBSN stations that display a moderate to good signal-to-noise ratio
for a given local earthquake detected by the acquisition system are permanently archived on
UNIX “tar”-format magnetic tapes. Copies of these tapes are periodically distributed to the
USGS-Yucca Mountain Project (YMP) Local Records Center and are available to investigators
after annual seismicity reports are published, when approved by USGS-YMP management.
Develocorder film data are also permanently archived.

A variety of magnitudes may be computed from SGBSN waveform data for each earthquake
and blast reported in Appendixes A and B. As many as five magnitude estimates are determined
per event: (1) coda-average magnitude, M.q; (2) duration magnitude, Mp; (3) local magnitude
from horizontal component instruments M}°"; (4) local magnitude from vertical component
instruments, M2°"; and (5) local magnitude from clipped records, ME"’ . These are discussed
in previous SGBSN data reports (Rogers and others, 1987b; Harmsen and Bufe, 1991). Figure 3
shows the maximum 1991 earthquake magnitude [avg(M}°", M:°")] or the letter “Q” (quiet, no

1 Use of trade names is for descriptive purposes only and does not constitute endorsement by
the USGS.
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earthquakes detected) per 7%-minute by 7%-minute topographic quadrangle in the central part of
the SGB. This figure indicates where natural seismic energy release was highest in the SGB for
1991, since energy release is dominated by the largest magnitude event in each quadrangle.

The SGBSN is a high-gain, low-dynamic-range network, consequently, for those earthquakes
having magnitude > 2.7, most SGBSN seismograms are usually saturated for several seconds
following the P- and S-wave arrivals. Only the lowest gain, horizontal-component stations,
LSME and LSMN, are expected to record such events on-scale. Thus, ground-vibration
amplitudes for many of the SGB’s larger earthquakes (M > 2.7) are undersampled by the
local network, and magnitude estimates for those earthquakes may be biased. For example,
ground motion from possibly the largest SGB earthquake for 1991, occurring on March 10 in the
southwestern Pahranagat Shear Zone of Nevada, was recorded on-scale only at the lowest-gain
SGBSN stations. Although the M), 4.07 determined from seismogram amplitudes at LSME and
LSMN is comparable to My 4.0 estimated by the Berkeley Seismograph Laboratory, Berkeley’s
estimate may be high as a result of its using a California seismic attenuation curve for path
corrections from all sources, rather than a lower rate SGB attenuation curve for SGB sources
(Rogers and others, 1987a). Possible SGB earthquake magnitude bias is further discussed in
Harmsen and Bufe (1992). Magnitude estimates such as M., (Johnson, 1979) are included in
the hypocenter listing because potentially they could provide a useful estimate of earthquake
size from saturated seismograms. The practical limitation of such estimates is that they must be
calibrated against the amplitude/period magnitude, My, in the magnitude range of importance.
Such a calibration has only been performed for earthquakes having My < 2.7 for SGBSN
data (Rogers and others, 1987b), and we believe M., and My, as reported here, are biased low
relative to the true magnitude for events having My >2.7.

Hypocenter estimates are always approximate. Errors result from misidentified seismic
phases (for example, the converted SP phase), from assumptions about crustal velocity struc-
ture, and from network geometry and other data limitations. Standard errors of hypocenter
parameters are routinely calculated by HYPO71 (Lee and Lahr, 1975), and some of these are
listed in Appendix A. Table 1 summarizes some hypocenter parameter distribution statistics
computed by HYPOT1 for the digitally recorded SGB earthquake data of 1991. In table 1, RMS
is the average traveltime residual, # P+S phases is the number of arrival time phases used
by HYPOT1 (i.e., those having weight > 0), Gap is the maximum azimuthal angle without a
station, Depth is the depth of focus estimate, Err(z) is the estimate of standard error in depth,
and A,n;, is the minimum source-to-station epicentral distance.

Table 1. Selected statistical characteristics of a subset of the 1991 SGBSN earthquake catalog.!

Statistic | RMS | # P+S| M., | ME® | Mp | M | My*" | Gap |Depth? | Err(z) | Amin

(sec) | Phases (deg.)| (km) | (km) | (km)
Mean 0.134( 12.8 |1.42 | 1.63 |1.13|1.43 | 1.22 159 5.27 2.3 14.1
Median |0.13 12 1.34 | 1.60 |1.14|1.34 | 1.21 | 142 5.04 14 12.3
Maximum | 0.81 58 3.38 | 3.30 |2.58|4.07% | 2.78 | 322 22.2 | 28.5 |106.0
Minimum | 0.02 5 0.68 | 0.70 | 0.15|0.06 | 0.05 36 -1.84 0.1 1.0
Quartile 3 | 0.16 15 1.60 | 1.90 | 1.50| 1.63 | 1.47 | 203 7.71 2.9 17.5
Quartile 1 | 0.09 10 1.15| 1.40 |0.58 |1.12 | 0.93 | 111 2.10 0.9 7.1
N# obs. | 892 892 , | 854 | 531 17 | 569 | 878 | 892 863 863 892

1 Only events captured by digital computer monitoring system are included. Also, only
those hypocenters having the property, 0 <Err(z)< 30 km, are included in the tabulations for
Depth and Err(z).

2 Depth of focus is relative to sea level (0.0 km), positive below.

3 One-station estimate, BRK M, 4.0 for this earthquake (March 10, 1991, 21:38:47 UTC).

6
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Defining magnitude for the ith event as avg(M}¢", Mp¢T), the average magnitude for
digitally recorded SGB earthquakes in the 1991 catalog is about 1.3. Ninety-five percent of
those earthquakes have M}, < 2.4, and one-half of them are in the range 1 < M < 1.6.
Estimated depths-of-focus range from the earth’s surface to about 22 km below sealevel, with
99% of earthquake hypocenters being less than 15 km below sealevel. (The depth estimates of
the deepest SGB hypocenters from the 1991 catalog are unreliable.)

SEISMICITY OF SELECTED AREAS IN 1991
Yucca Mountain Area

No earthquakes were detected within 5 km of the potential nuclear-waste repository site
at Yucca Mountain in 1991. Earthquakes in the Yucca Mountain area are located by using
the Yucca Mountain crustal velocity model shown in Appendix F, figure F1b. The epicenters
of the nearest-to-site earthquakes for 1991, shown in figure 4, are approximately colocated in
the resurgent dome of the Claim Canyon Cauldron segment of the Timber Mountain caldera
complex (Byers and others, 1989). If the standard SGB velocity model (figure F1la; this model
is used for sources away from Yucca Mountain) is used, the epicenters of those earthquakes are
2 km northwest of those presented here, farther from the site. Hypocenter parameters for the
1991 earthquakes in the Claim Canyon Cauldron are summarized in table 2. (Seismograms
for these earthquakes are available only on Develocorder film; the seismic computer was not
operating at the time of their occurrence. Data quality was inadequate for focal mechanism
determination.) The epicenters of all earthquakes in the western NTS region for the previous
period of monitoring by the SGBSN, August 1978 through December 1990, are shown in figure
5. Although epicenters in the vicinity of Yucca Mountain could be presented on a fault map,
it is difficult to associate many of them with specific faults, due to relatively high fault density,
unknown fault dip from the surface to seismogenic depths, and to hypocenter errors. Caldera
boundaries, especially those of Timber Mountain and its resurgent dome, may play a significant
role in the control of local seismicity in the Southwestern Nevada Volcanic Field. Much of the
seismicity in the Silent Canyon Caldera is associated with the nuclear testing program, however.

Table 2. Summary of preliminary location parameters for three earthquakes located in the
Claim Canyon Cauldron segment north of Yucca Mountain, Nevada, in 1991. “Distance to site”
represents the epicentral distance estimate to the point 36°51’N., 116°27.5'W., near the center
of a potential nuclear-waste repository. Depth is relative to sealevel (0.0 km). Sdx, sdy, and sdz
are HYPO71 standard errors in estimates of hypocenter longitude, latitude, and depth of focus,
respectively. Mp is duration magnitude (Rogers and others, 1987b).

DATE TIME LAT., | LONG., | N-S sdy | E-W sdx | Depthtsdz { Mp | Dist. to
(UTC) °N. °W. (km) (km) (km) site (km)
1991-12-17 05:14:49.7 | 36.942 | 116.467 0.2 0.2 3.3+0.3 0.71 10.2
1991-12-15 16:15:22.7 | 36.948 | 116.473 0.4 0.4 4.71£0.3 0.77 11.0
1991-12-15 10:51:57.3 | 36.959 | 116.477 0.4 0.4 4.9+1.0 1.05 12.2

Bare Mountain Area

Bare Mountain, unlike Yucca Mountain, has several active mines, with the resulting po-
tential problem of discrimination between natural and manmade seismicity. Earthquakes at
Bare Mountain are distinguished from chemical explosions by considering event origin times
and individual station seismogram waveforms. Seismograms from Bare Mountain earthquakes
generally have sharper P-wave onsets than blast seismograms, with dilatational polarities at
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stations having northeast and southwest azimuths from Bare Mountain, especially stations
TMBR and YMTS5. Blasts tend to generate large-amplitude Rayleigh phases on vertical-
component seismograms; earthquakes do not. Bare Mountain blasts sometimes generate a high-
amplitude, air-coupled Rayleigh wave, traveling at about 0.3 to 0.4 km/sec, evident on some
Yucca Mountain station seismograms (Rogers and others, 1987b, their fig. D5). This phase

is absent from SGB earthquake seismograms. In spite of our efforts to properly categorize
events at Bare Mountain, some of the “natural” seismicity is located near active mines, and

the possibility exists that a few of the smaller events designated as earthquakes, probable
blasts, or blasts on the eastern flank of Bare Mountain have been misidentified in the listings of
Appendixes A and B. Also, some of the hypocenters in the Bullfrog Hills west of Bare Mountain
for earlier years of SGBSN operation, especially before 1987, may correspond to blasts at Ladd
Mountain and at the Gold Bar Mine (see fig. 6). There is also limited natural (or mining-
induced?) seismicity at Ladd Mountain.

These points are belabored because SGBSN data indicate that a fault in the immediate
vicinity of the Beatty scarp (approximate coordinates, 36.88° to 36.9° N., 116.75° W.) is seismo-
genic. Swadley and others (1988) and Harding (1988) state that the Beatty scarp, a prominent
Quaternary scarp, is a fluvial feature having no discernible expression in seismic reflection or
refraction survey data. In 1991, six earthquake epicenters lay within 2 km of this erosional scarp.
The scarp’s trace and 1991 seismicity in its vicinity are shown in figure 6, just southeast of
Beatty, Nev. None of those earthquakes were large enough for focal mechanism determination
(maximum magnitude My 1.2, on August 1, 1991, 18:38:33 UTC); however, P-wave polarity
data are consistent with right lateral strike slip on a north-trending fault. The P-wave data are
also consistent with normal slip on a northeast-trending fault. The SGB seismicity catalog for
1978 through 1990 (fig. 5) also indicates activity near the Beatty scarp (also see Harmsen, 1991,
his fig. 8). Seismicity in the Beatty region is coincident with the Oasis Valley seismic lineament
(OVSL) (A. M. Rogers and others, USGS, 1989, written commun.) that extends in excess of
50 km in a north-south direction, at the western edge of the southwestern Nevada volcanic
field. Although the OVSL might represent a fault zone, it may only be a zone of local stress
concentration or of relatively elevated fluid pore pressure at the western boundary of several
calderas. The north-south trend of the OVSL may be due to relative absence of seismicity in the
western one-half of Timber Mountain caldera rather than to activity on a potentially important
north-south fault.

During the first phase of the SGB network upgrade in 1992, Bare Mountain as well as Yucca
Mountain will be more densely instrumented. With an upgraded network, it is likely that well-
constrained focal mechanisms from earthquakes in the Bare Mountain area can be determined.
Seismicity in northwestern Bare Mountain occurs within a kilometer or so of an inferred de-
tachment fault with surface trace believed to lie at the western base of Bare Mountain. The
detachment was most recently active about 11 million years ago (Hamilton, 1988). Thus, the
possibility exists that denser seismic instrumentation may shed light on seismicity beneath a
possible detachment fault.

Death Valley - Furnace Creek

The west side of Death Valley, two km north of Stovepipe Wells, Calif., experienced an
earthquake swarm (about 36 earthquakes detected) that began in May, 1991, with maximum
magnitude of 2.6, and continued into late September. Figure 6 shows the epicenters and the
focal mechanism for the largest earthquake of that series. The focal mechanism displays pre-
dominantly right lateral strike slip on a northwest trending, steeply dipping nodal plane, or
predominantly left lateral strike slip on a northeast trending nodal plane. The west-directed
tension axis of this earthquake’s focal mechanism is similar to those of other focal mechanisms

11
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in its vicinity, for example, that of the Stovepipe Wells earthquake on July 8, 1986 (Harmsen
and Rogers, 1987). A known Quaternary fault strikes northeast along the north end of Tucki
Mountain, just south of Stovepipe Wells, and probably dips towards the epicenters (fig. 6). At
the estimated focal depth of 6.75 km, the May 15, 1991, earthquake, whose northeast-striking
nodal plane has 67° + 20° dip, may be an example of seismicity on this fault.

SGBSN focal mechanism data generally support the hypothesis that a counterclockwise
rotation of principal horizontal stress directions occurs from Utah and the eastern part of the
SGBSN to the western part of the network and the Sierra Nevada boundary zone. Further
evidence of a nearly east-west minimum compressive stress direction in this part of the SGB
is provided by analysis of slickensides in Neogene rocks from Darwin Plateau, about 50 km
southwest of Furnace Creek fault (Schweig, 1989). Schweig found, when inverting his best slip
data for a plausible fixed-direction local stress tensor, that S3 s S) has azimuth N87°W-
S87°E, and that S; s~ Sy has magnitude comparable to S; s Sy. If such a stress field exists at
seismogenic depths in Death Valley, then the Furnace Creek fault is favorably oriented for right
lateral strike slip.

Seismicity continues to be conspicuously absent along the traces of the Furnace Creek and
the Death Valley faults (fig. 6) as often noted in discussions of SGB seismicity, most recently in
the 1990 seismicity report (Harmsen, 1991). Whether that fault system presents a significant
seismic hazard is conjectural because little is known about its seismic coupling, i.e., whether
aseismic or seismic slip is primarily responsible for relieving extensional strain at Death Valley.
The paleoseismic record of faulting along much of the Death Valley-Furnace Creek system
indicates it is a significant earthquake hazard. Hamilton (1988, p. 72) contends that the Death
Valley region is now being widened, and that the Death Valley and Furnace Creek faults define
the eastern limit of current deformation.

Amargosa Desert

Two of the most active parts of the Amargosa Desert south to southwest of Yucca Moun-
tain, Nevada, during the SGBSN monitoring period (August 1978 to present), are the California-
Nevada border region and Fortymile Wash. A third active sub-region of the Amargosa Desert
occurs about 5 km west-southwest of Amargosa Valley, Nev. Like the Fortymile Wash seismicity,
these earthquakes occur within the Spotted Range-Mine Mountain structural zone (Carr, 1984),
a wide zone of predominantly northeast-striking, seismically active faults with a history of left-
lateral slip.

Amargosa Desert state-border-vicinity seismicity for 1991 is shown in figure 6, along with
a focal mechanism for a M, 1.3 earthquake on April 13, 1991. This earthquake’s P-wave first
motions were dilatational (down) at consecutive SGBSN stations over a wide range (> 200°)
of source-to-station azimuths, a response that would be observed if slip were occurring on a
sub-horizontal fault plane. Indeed, all focal mechanism solutions for the hypocenter at 4.8 km
display a sub-horizontal nodal plane (two such solutions are shown in Appendix D, fig. D5).
Because double-couple focal mechanisms having a sub-horizontal nodal plane necessarily have
a sub-vertical nodal plane, and neither nodal plane is mechanically preferred, it is not inferred
that seismic slip on a detachment fault is evident in SGBSN data; however, focal mechanism
solutions displaying a sub-horizontal nodal plane for earthquakes in other parts of the SGB are
also presented in the 1987 through 1989 seismicity report (Harmsen and Bufe, 1992).

Another zone of recurrent seismicity in the Amargosa Desert is in the immediate vicinity of
Fortymile Wash, labeled in figures 4 and 5, in the Lathrop Wells, Nevada, geologic quadrangle,
about 15 km south of the site of a potential high-level nuclear-waste repository at Yucca Moun-
tain, Nevada. A swarm of about 20 earthquakes occurred there beginning in January 1991, with
the largest event (ML 1.5) on January 5, displaying a strike-slip focal mechanism solution (fig.
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4, mechanism labeled “1”). The northeast-trending nodal plane agrees in strike and left-lateral

slip sense with many faults mapped in the Spotted Range-Mine Mountain structural zone (Carr,
1984).

Pahranagat Shear Zone

Pahranagat Shear Zone (PSZ) is a major northeast trending, left-lateral shear zone located
south and southeast of Alamo, Nev., having relatively elevated seismicity rates. A map of the
seismicity of 1991 at Pahranagat Shear Zone and vicinity with some local prominent faults
is shown in figure 7. The largest SGB earthquake for 1991, M 4.1, was the mainshock of
the series labeled “A” in figure 7. Focal mechanisms for the mainshock (March 10, 1991,
21:38:48 UTC) and one of the largest aftershocks (April 15, 1991) are also shown, along with
a focal mechanism for a M, 3.6 earthquake to the east of series A (November 7, 1991, 2:47:37
UTC). No felt reports® for these or other SGB earthquakes of 1991 are on record with NEIC,
although two dozen public agencies were canvassed about the mainshock. Inasmuch as western
U.S. earthquakes in this magnitude range near a town or city are usually reported as felt, the
probable explanation for the “unfelt” reports following PSZ earthquakes is that local residents
have been “desensitized” by frequent sonic disturbances by jet aircraft from Nellis Air Force
Base maneuvering at low altitudes near Alamo and Hiko, Nev. (NEIC staff and D. E. Overturf,
USGS, oral commun.). '

Seismicity migrates with time at PSZ, with clear changes in concentrations of activity being
visible over 2-year intervals. Series A is in a location having little previous seismicity recorded
by the SGBSN. Figure 8 shows in map view the seismicity of the PSZ for the period 1984
through 1990. Rogers and others (1987b) discuss PSZ seismicity for the period 1978 through
1983, and attempt to decide whether it is more likely that the northeast-trending faults or the
secondary, north-trending faults are currently more active (see their Figure 15). An additional 8
years of seismicity data do not resolve this issue. The other two PSZ series for 1991, labeled “B”
and “C” in figure 7, are at locations that have experienced nearby earthquakes in previous years.
The spatial centroid of seismicity in those two series migrates with time.

Las Vegas Valley Earthquakes

The Las Vegas Valley shear zone is considered to be the northeastern boundary of the
Spring Mountains block of the Walker Lane belt (Stewart, 1988). If presently active, major
northwest-trending faults in the Las Vegas Valley would be expected to experience right slip.
SGBSN seismicity in Las Vegas Valley has been limited and has been difficult to associate with
the concealed right-lateral Las Vegas Valley fault zone in the central part of Las Vegas Valley
(Stewart and Carlson, 1978) because epicenter lineations in the valley are apt to trend northeast,
perpendicular to the fault trace (see Rogers and others, 1987b).

Figure 9 shows the seismicity of much of the Las Vegas Valley and vicinity for the year
1991, along with major range front faults and the inferred trace of the Las Vegas Valley fault.
A spatially diffuse series of 33 earthquakes occurred in a previously seismically quiet area about
3 to 6 km north of the town of Indian Springs, Nevada, during June and July of 1991. In the
center of that series, SGBSN recorded on March 1, 1991, an isolated M}, 2.3 foreshock. Focal
mechanism solutions for the March 1 foreshock and the July 12 16:41 UCT mainshock of the
Indian Spring series, which had M}, 2.6, are also shown in figure 9 and, with greater detail, in
Appendix D. Figure 10 displays the seismicity of the same region for the period 1984 through

1 In this context, a “felt report” means that at least one person responded to the NEIC survey
that the earthquake was felt in his/her community.
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1990. Rogers and others (1987b) discuss the geologic framework of that region and its seismicity
for the period August 1978 through 1983.

As is observed in many other parts of the SGB, the majority of the local seismicity in the
vicinity of Las Vegas Valley cannot be directly associated either with the main fault or with
range-front faults. Most small (ML < 4.5) local earthquakes recorded during any given year
by SGBSN nucleate on splays and other features secondary to the main faults of the SGB. This
phenomenon has been partially modeled (in two dimensions) as a seismic response to shear
strain buildup away from zero-strength major faults that have moved, t;hereby perturbing an
otherwise uniform strain field (Gomberg, 1991).

SGB EARTHQUAKE FOCAL MECHANISMS FOR 1991

Preliminary focal mechanism solutions for 14 SGB earthquakes of 1991 having My > 1.4
are shown in figure 11 (the focal mechanism for a M10.8 earthquake at northern Crater Flat is
shown in fig. 4), and focal mechanism parameters are listed in table 3. The individual solutions
are shown with SGBSN P-wave station polarity information and with alternate solutions in
Appendix D of this report. An “alternate solution” is defined as one in which there are an
equal number of polarity inconsistencies (usually 0) as in the preferred solution; however,
alternate solution nodal planes may narrowly miss intersecting impulsive polarity points, where
P-wave amplitudes from a point-source dislocation would be expected to be null (thus, the word
“nodal”). Seismograms from which polarity interpretations are derived are stored on magnetic
archive tapes by the SGBSN. Paper records of ~ 10 seconds of data surrounding each station’s
P-arrival are available to investigators when requests for such data are approved by USGS-Yucca
Mountain Project Management.

Focal mechanism solution P- and T- axes for the My > 1.4 earthquakes listed in table 3 are
plotted in figure 12, along with average P and T azimuths. For these data, the average tension
axis has azimuth N.57.2°W. and plunge 0.3° (using Watson statistics, Schuenemeyer and others,
1972), and the average pressure axis has azimuth N.34°E. and plunge 17°. Compressional quad-
rants of those 14 focal mechanism solutions are intersected, as are tension quadrants, and the
resulting regions of intersection, projected onto the lower focal hemisphere, are shown in figure
13. If one assumes that the directions of principal compressive stresses, o; (maximum) and o
(minimum), in the portion of the earth’s seismogenic crust sampled by a set of earthquakes are
constant, then the intersected dilatational quadrants (containing focal mechanism P-axes) and
compressional quadrants (containing focal mechanism T-axes) of those solutions must also con-
tain the directions of the regional 0; and o3 axes, respectively (Angelier, 1979). In figure 13, oy
is contained in the (azimuth, inclination) patches covered with x symbols, and o3 is contained
in the patches covered with ¢ symbols, assuming such a constant stress field. Thus, when using
the focal mechanism data of 1991, one infers that 285° < azimuth(os) < 320°, an estimate
whose bounds could be tightened by including focal mechanism data of previous years. One also
infers that 10° < inclination(o;) < 40°, showing that SGBSN focal mechanism data tend to
reject the hypothesis that, for the region as a whole, the maximum compressive stress direction
is nearly vertical (however, for some parts of the SGB, normal slip may be the dominant form
of deformation - one such subregion contains Gold Mountain, the Palmetto Mountains and the
Montezuma Range; see figure 1). Patches of the lower focal hemisphere where all but one and
all but two of the focal mechanism compressional (respectively, dilatational) quadrants intersect
are also shown in figure 13. SGBSN focal mechanism solutions for earthquake data of 1991 are
generally similar to solutions for previous years, reported in Rogers and others (1981, 1983 and
1987b), Harmsen and Rogers (1987), Harmsen (1991), and Harmsen and Bufe (1992).

When using regional network P-wave polarity data to determine the earthquake focal
mechanism, it is known that solutions are often sensitive to the assumed focal depth, a point
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1991 SGB focal mechanisms
® P-axis
0O T-axis

Figure 12.- Inclinations (plunges) and azimuths of 14 focal mechanism preferred solution P-axes
and T-axes for SGB earthquakes of 1991 having M|, > 1.4 (listed in table 3 and shown in #igure
11) are plotted on the equal-area lower hemisphere projection. The inward-directed tabs represent
the orientation of the average P-axis for those data, and the outward-directed tabs represent the
orientation of the average T-axis. Dashed circles represent inclinations of 25°, 45°, and 65°.
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1991 SGB focal mechanisms
Number of mechanisms =14
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Min & max depths (km) 1.0 9.0

Figure 13.— Intersection of compressional first motion quadrants, containing the T-axes of 14 of
the 16 SGB focal mechanisms of 1991, are shown with ¢ symbols. Similarly, the intersection of
the 14 focal mechanism dilatational quadrants, containing the P-axes, are shown with x symbols.
Regions where all but one and all but two compressional (respectively, dilatational) quadrants

intersect are also highlighted, using different symbols.
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demonstrated for selected SGBSN earthquake data in Harmsen and Bufe (1992). P- and S-wave
arrival time data from stations near the seismic source (“near” means source-to-nearest-station
distance < 1.5 focal depths) are necessary in most circumstances to reliably constrain the depth-
of-focus estimate. Because station spacing in the SGBSN is about 20 to 30 km, such data are
generally not available. In an attempt to quantify the uncertainty in focal depth beyond what
is available from HYPO71’s standard error in depth, which is often unrealistically small, graphs
of root-mean-square (RMS) traveltime residual (sec) versus fixed depth (km) for hypocenters
corresponding to Appendix D’s focal mechanisms numbered D1, D2, D6, D8, D11, D12, D13,
D15, D16, and D17 are shown in figure 14. The RMS graph for an earthquake on December 10,
1987, whose focal mechanism is reported in Harmsen and Bufe (1992), is also shown in figure 14,
to indicate the similarity of its behavior to that of a nearby earthquake on November 30, 1991.
Unfortunately, these graphs are not unique for a given arrival time data set and crustal model
because, as discussed in Harmsen and Bufe (1992), the RMS function is sensitive to the manner
in which individual phase data are weighted in the hypocenter solution with respect to source-
to-station distance and azimuth, station residual, analyst’s assignment of data quality, and to
other factors deemed important. Figure 15 demonstrates that the graph of RMS may display a
relatively well-defined minimum for a given data set when a certain distance-weighting scheme
is used, but a less well-defined minimum when another equally plausible weighting scheme is
used. Nevertheless, such RMS graphs provide useful guides to hypocenter uncertainty. In those
instances where a 5- to 10-km-deep hypocenter has about the same traveltime residual as a
near-surface (sea level +1 km) hypocenter, caution needs to be exercised when using the focal
mechanism data, for example, as input to computer programs that attempt to infer crustal
stress-field properties from nodal plane and slip vector orientations.

Depth-of-focus ambiguity may be reduced by increasing seismic station density near source
zones and by improving the velocity model used for locating earthquakes, i.e., by incorporating
known rock properties, especially lateral velocity variations, into the earth model. Seismic
properties of rock in the vicinity of Yucca Mountain and elsewhere in the SGB are actively being
studied by several Yucca Mountain Project participants.

CONCLUSIONS

e The SGBSN computed hypocenters for 980 southern Great Basin earthquakes recorded in
1991. The maximum magnitude for SGB earthquakes of 1991 was M 4.1. During the calendar
year, no SGB earthquake was reported to the NEIC as felt.

e The Oasis Valley lineament continues to display limited seismicity along its ~ 50-km length
during 1991, including six events at northwestern Bare Mountain. This lineament may be more
an artifact of the inactivity at the western part of the calderas of the southwestern Nevada
volcanic field, which forms the eastern boundary of the lineament, rather than activity on a
north-south fault or series of en echelon faults.

e Within a radius of about 10 km of a potential high-level nuclear-waste respository, the Yucca
Mountain area experienced no earthquakes detectable by the SGBSN during 1991. Three
earthquakes, the largest having magnitude 1.1, occurred just beyond that 10-km limit, in the
Claim Canyon Cauldron segment of the Timber Mountain caldera complex.

e The major Death Valley-Furnace Creek fault system is presently seismically inactive, although
isolated earthquakes and swarms of earthquakes occurred during 1991 about 5 to 10 km west of
the trace of Furnace Creek fault in Death Valley, Calif. Various lines of evidence suggest that
the local crustal stress field has an approximate east-west minimum compressive stress direction,
and maximum horizontal stress of sufficient amplitude to produce strike slip deformation at
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Figure 14. Left Side: Plots of fixed-depth and free-depth epicenters for HYPO71 hypocenters for
selected earthquakes for which focal mechanisms were prepared. Symbols 0, 1, 2, ..., A, B, C,
D, E, F are epicenter positions for hypothetical hypocenters at zero, one, two, ..., 10, 11, 12, ...
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respectively. Right Side: Plots of RMS traveltime residual as a function of assumed depth of focus
corresponding to the same earthquake data. The letters above the (z,y) points are “grades” that
HYPOT1 assigns to the respective hypocenters. Analysts frequently use such grades to assess the
reliability of hypocenter estimates.
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Figure 15. Same meaning of two sides as in figure 14. The upper pair of graphs is for the same
earthquake data as the lower pair; only the manner in which arrival time data were weighed
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stations relatively far from the seismic source should be weighed in the location process.
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seismogenic depths. Thus, the Furnace Creek fault zone is favorably oriented for right lateral
slip.

e Boundaries of the southwest Nevada volcanic field caldera complexes with country rock are
zones of earthquake activity in 1991, and previous years. This implies that strength anisotropy,
stress concentrations near material interfaces, or variations in fluid pore pressures at those
interfaces, or some mixture of these physical properties, play an important role in determining
the seismic response of the earth’s crust to regional strains in the immediate vicinity of Yucca
Mountain.

e Generally, focal mechanism solutions for small SGB earthquakes of 1991 display predomi-
nantly strike slip on steeply dipping nodal planes. Certain zones, such as the Gold Mountain,
California-Nevada border, exhibit seismicity having normal slip focal mechanisms.
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Appendix A

SGB earthquake locations for 1991
and quadrangle map names to which locations are keyed

The local hypocenter summary column headings are for the most part self-explanatory.
UTC is Universal Coordinated Time. Horizontal error equals \/sdz? + sdy?, where sdz and

sdy refer to the HYPOT1 standard errors in longitude and latitude, respectively. Vertical error
is the HYPO71 standard error in depth (sdz). “AZI GAP” is the azimuthal gap, that is, the
largest angle subtended by the epicenter and any two circularly adjacent stations with positive
phase weight. “Q1” and “Q2” represent two HYPO71 hypocenter quality estimates as defined
by Lee and Lahr (1975). “DS” is a code for data source: A for analog seismograms, (data scaled
from Develocorder films, starting depth, zp, at 7 km for iterations), I for data scaled from digital
seismograms. The code “Y” means the Yucca Mountain velocity model [Appendix F, Figure
F1(b)] was used to determine the hypocenter (either analog or digital data may have been scaled
for those earthquakes). Various values are tried for zg, the initial hypocenter guess. zo and yo
are always taken to be near the earliest-reporting station. When equal final RMS values occur
for solutions having different 2o, the solution derived from the zo = 7.0 km starting value is
reported (although the choice is arbitrary).

Mca is the coda-average magnitude, Md is the duration magnitude estimate, MLh is local
magnitude from horizontal-component instruments, MLv is local magnitude from vertical-
component instruments, MLc is the maximum of station magnitudes from overdriven (clipped)
records. Amplitudes recovered from vertical-component data are multiplied by 1.75 to provide
an approximate horizontal-equivalent amplitude. The depths may be followed by one or two
stars. One star means that the depth-of-focus standard error estimate was very large (> half
crustal thickness). Two stars imply that the depth was fixed by HYPO71 during the last several
iterations for hypocenter, because the data lacked resolving power for that parameter. DELMIN
is the minimum source to station distance in km, and RMS RES. is the root-mean-square
traveltime residual in sec. #N PH. is the number of (P+S) phases having positive weight in the
solution. Finally, U.S.G.S. quadrangle is the name of 7%-minute or 15-minute topographic quad-
rangle in which the epicenter lies. The topographic quadrangle names appearing in this report
are extensively revised from those appearing in previous open-file reports of SGB seismicity.

Appendix A excludes all “low-frequency” seismicity associated with NTS nuclear device
tests. Such phenomena include aftershocks at ultra-shallow hypocentral depths and cavity
collapses. Such events, though having a tectonic significance, are strongly associated in time
and space with testing, and their inclusion in the Appendix A seismicity catalog would probably
bias any effort to determine natural seismicity rates in the northern NTS from this catalog. See
Appendix C of this report for further details on these “low-frequency” events.
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